wo 00/504^ 



« 09/914352 
c'dPCT/PTO 2 7 AUG 20011! 



PCT/SEOO/00346 



MTTEPROTRgsT 

! 
i 
i 

Technicai field 

I ■ . 

The pres^ invention relates to a novel recombinant protein usefid in die diagnosis 
of mite iijfections in mammals, such as dogs. The invention also relates to a nucleic 
acid enci>ding the protein according to the invention as weD as to various 
advantageous uses thereof. 



Backeroiyid 



Scabies or saicoptic mange, which is caused by infection with flie parasitic mite 
Sarcopm scabieu is a widespread, highly contagious disease. The parasite has been 
found in weU over 40 different mammals, including man. During the infection, 
female m^tes burrow in the skin to feed and feeir activities cause an intense irritation 
that lea^ to itching and scratching, which may aggravate the condition. 
Sensitization of the host to the mites and their products probably plays an important 
role in thf patiiogenesis of the disease. In its extreme fonn, scabies can develop into 
a severe hypericeratotic form, where several thousands of mites can be found in &e 
lesions, -^s form of crasted scabbies is also frequently observed among immune 
compromisedindividuals, /.e. HTV patients. 



The stan^ method for diagnosing scabies include microscopic detection of die 
mites an^ iheir eggs and feces in skin scrapings. This method is relatively time- 
consuminjB and, in many cases, die results of microscopic examination can be 
negative jwing to the low number of parasites present in each sample. The use of 
enzyme-l^ed immunosorbent assays (EUSA) for the detection of antibodies to 5. 
scabiei hjjs been reported for several different animals including humans (Bomstein 
& 2akris|on (1993) Vet Dermatol. 4:107; Arlian et al. (1994) fop. Parasitol. 
78:37; Ncjimaznahe/fl/. (1996) Southeast Asian J. Trop.Med Public Health 27:53; 
and HoU^ders et al (1997) Vet. Parasitol. 69:117). The ELISA technology ffeiJ 
several di^ct advantages conqiared to skin scrapings: A relative ease of sampling, 
die potential to screen large numbers of samples and the possibiUty to standardize 
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reagents 'and methods. The only major drawback is the limited amount of antigenic 
material ^vailable due to the lack of an in vitro propagation system for S. scabiei. 

i 

Arlian aijd colleagues (J. Med. Entomol. (1988) 25:52) have developed an in vivo 
propagatipn system after establishing S. scabiei var. canis on rabbits. However, the 
parasite Wden is stiU relatively low and the method cannot be applied for the 
productioji of antigens for large scale screening projects. Mites from naturally 
infected ^ed foxes have been successfully isolated in large numbers and used in 
ELISAs ijoth for dogs and pigs. The difficulties involved in using wild foxes as a 
source for antigen supply are however evident 

i 
i 
I 

This lackjof material has not only limited large scale screening efforts and control 
programs ^ong fann animals, but it has also limited the possibilities to study other 
aspects of] scabies, for instance pathogenesis. 

I 
I 

I 

EP 0 473 p provides a recombinant mite allergen which is effective as a thera- 
peutic age^t and diagnostic reagent for mite allergic diseases. However, the mite 
anergen of this reference are derived from a house dust mite, more specificaUy from 
Dermatcp^goides farinae. Thus, firstly, the said house dustmite is fomid free- 
Uving in ajhouse-hold enviromnent and does not live as a parasite on a host. lHus 
disease &^eof is not the result of an infection but the inhalation of mites or mite ' 
body fragijients or faeces. The inhalation of house dust mites may cause allergic re- 
actions in ^usceptible individuals resulting in respiratory distress, such as asthma 
and rhuutif . Accordingly. EP 0 473 HI relates to molecules useful in the diagnosis 
and prevention of such conditions. 

Summary the iTivi»»n4^ 

Accoriingjto pre^n, invention. d« problems defined above «e solved by 

r'r*" '^*' and sc^encel 

ft- the firsf ,n„e. TH^ fl.e invention relates ™ isol«ed antigenic pro«in « „eU „ 
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to the nucleic acid said novel protein, as defined in the appended claims. Further, 
the inventton also relates to various advantageous uses of the novel protein and 
iunctional I fragments thereof; e.g. in immunological testing, such as in ELISA 

methods. ! 

I 

j 

Brief des cfjption of t^e drawinf tg 

i 

Figure 1 sjiows (he extern of fee recombinant protein according to the invention in 
relation to .ithe native protein. 

Figure 2 iljustrates the recombinant plasmid pPU17 used for the ciq^ession of the 
mite protein according to the invention. 

Figure 3 is an overview of Ae cloning strategy of &e 5' end of MSA. 

Figure 4 shows (he results of Western blot analysis of the mite recombinant protein 

according ^ the invention. 

Definirionq ' 

The terms ^'polypeptide", "peptide" and "protein" are used interchangeably herein 
to refer to a polymer of amino acid residues. ITie terms apply to amino acid 
polymers irf which one or more amino acid residue is an artificial chemical analogue 
of a corresjjonding naturaUy occurring amino acid, as well as to naturally occurring 

amino acidipolymers. 

I 

i 
i 
I 

THe term "jmcleic acid- refers to a deoxyribonucleotide or ribonucleotide polymer 
in either jsingle. or double-stranded form, and unless otherwise limited, 
encompass^ known analogs of natural nucleotides Aat can fimction in a similar 
manner as ^turaUy occurring nucleotides. 



Tlie term "in analogue or functional fragment" refers to a compoumi which exhibits 
antigemc properties essentiaUy equivalent to the ones of the protein according to the 



invention. 
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The phiiase "hybridizmg specifically to", refers to the binding, di^lexing, or 
liybiidiz^g of a molecule only to a particular nucleotide sequence under stringent 
conditions when that sequence is present in a complex mixture (e.g., total cellular) 
DNA orjRNA. The term "stringent conditions" refers to conditions under which a 
5 probe hybridize to its target subsequence, but to no other sequences. Stringent 
conditions are sequence-dependent and will be different in different circumstances. 
Longer sequences hybridize specificdly at higher temperatures. Generally, stringent 
conditioiis are selected to be about 5'*C lower than the theraial melting point Tm for 
the specijfic sequence at a defined ionic strength and pH. The Tm is the temperature 

10 (under defined ionic strengdi, pH, and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at 
equilibri^ (As the target sequences are generally present in excess, at Tm, 50% of 
the probes are occupies at equilibrium). Typically, stridgent conditions will be those 
in whichjtiie salt concentration is less than about 1.0 M Na ion, typically about 0.01 

15 to LO M ^a ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is 
at least jjbout SO^C for short probes (e.g.. 10 to 50 nucleotides) and at least about 
eCC foij long probes (e.g., greater than 50 nucleotides). Stringent conditions may 
also be achieved with the addition of destabilizing agents such as formamide. 



I 



20 A "label" is a con^josition detectable by spectroscopic, photochemical, 
biochem^al, immunochemical, or chemical means. For example, useful labels 
include *fp, fluorescent cfyes, electron-dense reagents, enzymes (e.g., as commonly 
used in si ELBA), biotin, dioxigenin. or haptens and proteins for which antisera or 
monoclo^ antibodies are available. 



30 



As usedierein a "nucleic acid probe" is defined as a nucleic acid capable of binding 
to a target nucleic acid of complementary sequence trough one or more types of 
chemical I bonds, usually through complementary base pairing, nsuaUy through 
hydrogen; bond formation. As used herein, a probe may include natural (/.e. A, G, C, 
U or T) c|r modified bases (7-deazaguanosine, mosine, etc.) In addition, die bases in 
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a prob_ may be joined by a linkage other than a phosphodiester bond, so long as it 
does notjinterfere with hybridization. 

I 

1 

A "labejed nucleic acid probe*' is a nucleic acid probe that is bound, either 
covalentjy, trough a linker, or through ionic, van der Waals or hydrogen bonds to a 
label sudi that the presence of Ae probe may be detected by detecting the presence 
of fbe label bound to Ac probe. 

The ten^ "target nucleic acid" refers to a nucleic acid (often derived from a 
biological sample), to which a nucleic acid probe is designed to specifically 
hybridize. It is either the presence or absence of the target nucleic acid fliat is to be 
detected.! or the amomit of the target nucleic acid that is to be quantified. The target 
nucleic 4,id has a sequence that is complementary to the nucleic acid sequence of 
I * 6 P ' cted to the target The term target nucleic acid mav 
refer to |he specific subsequence of a larger nucleic acid to which the probe is 
directed or to &e overall sequence (e.g.. gene or mRNA) whose expression level it 
IS desire4 to detect The difference in usage vnSL be apparent from context 

I 

"S»b«q,|«ce- refers to a s=,p««» ofn^^^ «:ids or antao acids to c«nprise . 

P« of ^ tonger sequence of i»,cleic acids or andno acids ie.g.. polypeptide) 
respectively. «- r 

I 

i 

i 

'^^'''^ mean, . Utey of „^ ^ 

W^betwecr. lo' and .o*. of diffe«n.-se,«ence oUgomers. .^ically 
m having different se<j^es or subunits. or a con^inaiion of 
^^.n^aces Of Side chdns and linkages, or different^bstin^ 
m a small-conqwund library. 

i 
i 

-^c^s^^ oiigan,er con,po™ds" « digon,.^ „eh as oUgonnclectides 

LoZa -^logs. ougopeptides. oligopeptide analogs. oUgosLbarir^ 
l^op.^^ w.ti. di^. p,,,^ 
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■i.o.et«s.lglycopeptides wM. different sequence -pemMatiras in the saecharide 
«.d/or j«p,ide moiedes. non*iologic.I oligomers »ah diffe«nt.«qu«Ke 
pemutatjons, or different-substituent compounds in a smaU-compound library. 

He tem^ "reoombinanT when nsed wift refereKe to a cell, or n»eleic aci4 or 
vector, ii^icatea that &t ceU. or m«:Ieic add. or vector, has been modified by *e 
»*odna,;on of a heterologous nucleic «ad or the altemtion of a native nucleic acid, 
« that ft^ ceU is derived from a ceD so modified. Ttas, for example, recombinant 
cdls «mes, genes that a* not fomid within the native (non^ecombinant) form of 
fte ceU dr e«pniss native genes tte are otherwise abnormaify «qaesse4 under 
e^tess«^ or not «<press«i at all. Further. Ae expression "recombinutt" also relates 
to . cell. |vhe.ein flntter reguhrtoiy elements have been included in order to initiate 
or enhanj* «,«ssion of «t otherwise silent endogenous gene, or wherein a 
mampuWon of the regulatoty elements have been perfonned for the same pmpose 
(For an example of such a gene «:tivation technique, see e.g. Genetic Eng>»eeHng 
AfeM'X,j^)rill5,1994.) : . e « 

I 

Tl» t«m ^Wcal- in the context of two nucleic acid or polypeptide sequences 
refers to ^e residues in the two sequences ,«tich are the same when aligned for 
™xm«m.| correspondence. Optimal aHgmnent of sequences for comparison can be 
O""^ e-S-. by the local homology algorithm of Smifl. and Watetman (1981) 
Ad,. Appi- MaA. 2; 482. by flte homology aligmnen. algotithm of Needleman and 
Wunsch (,970).^ m. Biol 48:443, hy the search fi.r similarity method of Pearson 
«d Lipn^ (1988) Proe. Haa. Acad. Sc, VSA 83: 2444. by computeri^d 
^tanenwions of these algoriflmu (GAP. BESIFIT; FASTA. and TFASTA in flte 
Wisconsin C5.ne.ics Software Package Genetics Om^^ Qroup. 515 Sci«,ce Dr.. 
Mwhson. WI) or by inspection. 

An addititinal algorithm that is suifble for detennining sequence similarity is fl„ 
BLAST algorithn, which is deschbed in Altsdml « al. (1990) J. Mot. BloL 215- 
403^10. Siothvare for pe^rming BLAST analyses is pubUcly available through tte 
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National jCenter for Biotechnology Infonnation (http7/www.ncbi.nIni.nih.gov/) 
(See Henikofif and Henikoff (1992) Pwc. Natl. Acad Set USA 89: 10915-10919- 
and Karlm and Altschul (1993) Proc. Natl. Acad .Set USA 90: 5873-5787; for 
further inlbnnatioii in this context) 

i 

i 
I 

The termj "substantial identity- or "substantial similarity- in the context of a 
polypeptide indicates timt a polypeptides comprises a sequence with at least 70o/o 
sequence identity to a reference sequence, or preferably 80o/c, or more prefembly 
85% sequence, identity to the reference sequence, or most preferably 90% identity 
over a comparison window of about 10-20 amino acid residues. An indication ftat 
two poljyeptide sequences are substantially identical is that one peptide is 
Hnmunolopcally reactive wiA antibodies raised against the second peptide, Urns a 
polypeptide is substantially identical to a second polypeptide, for example. whJre 
the two p^tides differ only by a conservative substitution. 

j 

An mdici«ion that n,«,ldc «*l ««p«,ces are substaat^ 
polypeptuje which the fi« „,^c «!id encodes is inammologicaUy cross ieacti« 
«* the pplypq,dde encoded by fte second nucleic «ad, Anofl«r indic«ion tfa, 
two nucleic acid sequences are suistantially identical is 4a, d« ,„o mol«ules 
Mmdize (o each oilMr under stringent conditions 

i 

I 

"Bind(s) ^.antiany" nto to complement^y hybridization between a prob. 
nncletc acjd and a tatje, nucleic add and embraces nunor mismatches that can be 
«com«ia.pd by reducing the stri^ 
•temd defection of die taijct polymicleoti& sequence. 

I 

I 

Tie tem, -antibody- refer, « a polypeptide substattiany encoded by an 
»m».^<jb«Un geae or hnmunoglobulin genes, or fiagments theteof which 
specfican^ bhtd and recognize an analyte (andgen). Tie tecognized 
unmuncgujbulm genes inchuie the kappa, l«nbda. alpha, gamma, delta, epsilon and 
m. const,^ genes, as weU as the myriad immm«,g,obulin vatiable region 
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I 

genes^ Ugh. dudns « cl3«ffled .s kapp. „ ^ ^ 

cIas«M « ganm». ™x alpj... del«. or q,sflon. which in mm define ft. 
™».»»^obula. closes. IgG. IgH IgA. IgD and IgE. respectively. (In 4is comex, 
'^^"l ™^ ^'•E. Paul «l. Raven Press. N.Y. 

i 

I 
I 

A "Chinee antibody" is an ««ibody.n»leoule in ^ (a) fte cons.«« „gion. or 

0™™blcp^»)„Hn,^^3cons»«regionof.difie^ 

ftnctic |u.d^or species, or an entirely difibrcn, nurfecul. which confers new 

V^^U, the chinu^ric ««ibody. e^, ««in. ho^onc. ^ ^c^. 

<ta* e.c.\ or 0.) ti„ variable «gion, » a portion tf«reo« is al^ed. repUced or 

'^'I'^^^^'^-^'^'-^B.difiben.orai.ered^^igenspeciL.y. 

I 

The^lin^nnoassay" is an assay ti« n^ 

".13^ T^e unn^noassay is char^,^ by tiie nse of specific binding propertes 
<.fapamopl.r««ibodyti,isoUtte.tt^.„d/or«fl«analyte. 
s^sS"""^ " "^""^ ..fa .0 n^.eti.1 Which is 

j 

refenn^ ti. an «mbody refe ^ . binding reaction wUch fa 

-.bo^ bmd prefe^ntiaUy to a particular proW. and do not bind in . si^^ 

Z:^^^ZT^ - - - - -cifici^ - . 

mtiT»dies soe^c^t """""""^ «»y be used to select 

»iid-jr^jz:^:t.:r--« ^" 

^ mmumoassays are routmely used to select monoclonal 



i 
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antibodi^ specificaUy immunoreactive with a protein. See Hariow and Lane (1988) 
Antibodi^, A Laboratory Manual. Cold Spring Harbour PubUcations, New York, 
for a dejjcription of immunoassay fonnats and conditions that can be used to 
determine specific inununoreactivify. 

i 

A "conscirvative substitution", when describing a protein, refers to a change in the 
amino acid composition of the protein that does not substantiaUy alter the protein's 
activity. W. "conservatively modified variations" of a particular amino acid 
sequence refers to amino acid substitutions of those amino acids that are not critical 
for protein activity or substitution of amino acids with other amino adds having 
similar pjoperties (e.g.. acidic, basic, positively or negatively charged, polar or non- 
polar, e/j..) such that the substitutions of even critical amino acids do not 
substanti^ly alter activity. See e.g., Creighton (1984) Protein, W.H. Freeman and 
Compansj. In addition, individual substitutions, deletions or additions which alter, 
add or <^Iete a single amino acid or a small percentage of amino acids in aii 
encoded ^equence are also "conservatively modified variations". 

I 

I • . 

A -gene producf \ as used herein, refers to a nucleic add whose presence, absence, 
quantity, pr micleic add sequence is indicative of a presence, absence, quantity, or 
nucleic ^id composition of the gene. CSene products thus include, but are not 
limited t<j. an mRNA transcript, a cDNA reverse transcribed fi^ an mRNA, and 
RNA tiaiscribed firom that cDNA. a DNA amplified from the cDNA. an RNA 
transcribed from the ampUfied DNA or subsequences of any of these micleic acids 
Polypeptides expressed by the gene or subsequences thereof are also gene products 
THe parti|ndar type of gene product wiU be evident from the context of the usage of 
the tenn. \ 

i 
\ 

! 

to . fim|«p«t fte ^ relates «, » isolated nute-derived p«te^^ 

wtach «|,n a«igen derived ftom fte ,„ite S^op,^ Specifically, fte 
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disclosisd in SEQ ID NO. 2. More specifically, the invention relates to a protein 
comprised of at least about 83 amino acids of said sequence, preferably the ones 
described in SEQ ID NO. 3. an analogue or a functional fiagment thereof. In a 
specific' embodiment, the protein according to the invention is comprised of at least 
about l|)0 amino acids, preferably at least about 200. such as at least about 400 
amino apids of the sequence disclosed in SEQ ID NO. 2. In a specific embodiment. 
&e pro^ according to the inventicm comprises about 400 of the last amino acids 
of SEQ to NO 2. and most preferably, Ae sequence from about amino acid no 344 
to aminp acid no 770 of said sequence, which protein has been denoted Major 
Sarcopt^ Antigen 1 (MSAl) of die present inventor.. In another particular 
embodnpent. the ammo acid sequence of the present protein comprises a larger part 
of said sequence, such as at least about 400. preferably at least about 500, e g at 
least abj,ut 600. and most preferably at least about 700. such as about 770 amino 
acids ofjsaid sequence, in which case it is substantially identical with the sequence 
discloseil in SEQ ID NO. 2. hi this context, it is to be understood that aU 
denvatives. analogues and functional fragments and functional subsequences thereof 
of the present proteins also faU within the scope of tiie invemion as defined by the 
clamis. -pius. tiie preferred protein according to the invention. MSAl. corresponds 
to a native 164 kDa protein, which provides a rapid immunogenic response m dogs 
and tiie ^e. Further properties of tiie protein according to tiie invemion will appear 
from tfacisection Experimental and tire discussions below. 

Thus, tii^ above mentioned EP 0 473 111 rektes to the isolation of an organism, 
house d,^ mite, which is naturaUy present in different surroundings tiian Sarcoptes 
scabiei, Which is a parasite in tire skin of animals, such as wUd foxes, swine etc 
and mar^ More specificaUy. Bomstein & Hammerling reported (Abstract World 
Congres^ of Veterinary Dermatology. 1996. p. 121) tiiat sera from dogs tiiat inter 
aim are oversensitive to dust mites do not present any antibodies reactive towards 
Saroopte^ from rcA fox. Furflier. tire clinical definition of scabies is tiiat it is caused 
by Sarcbptes scabiei. conti«y to e.g. dust mite caused conditions. A further 
difference between scabiei and dust mite is tiiat a scabies infection wiU give rise to 
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an feG-KSspMuc, contrary to dust mite altogy. Accordingly, even tbough diere exist 
a certain iimilatity between die protein derived fiom dB house dust mites according 
toEP0 473 111 ada«S.r«,p,«,<a4,e/p„ai„i5<„^^,^^^j^^^ 
to die i^t invention. 0^ biological roles and properties ftereof ditos 

sutelantiiUy. Accordingly. ««« Is noflang in EP 0 473 in a«rt would le«l fl« 
skilled injthis field to believe flw scabies would be c«.sed by a similar sequence 
As a con|equaice. the phBmaceutical and diagnostic appHcations enabled by 4e 

EP 0 473 jl 1 1 antigen are &r difBsrent conditions aid other subjects flian flie amigen 
«»ording| to d« present invention, which mainly rela«« to fl,e treatment and/or 
diagnosisjof ann animals, such as swine, or dogs. Accordingly, even though to 
exist a certain similarity between the protein derived from the house dust mites 
accrdin^,„EP0473 n:«KlflB&^p,e*scaife/ protein isolated and sequenced 
«cc«dm^.to fte preset invenrim,. die differences in enviromnem and conditi«^ 
be preve.|ted and/or diagnosed ate of such importmce tiiat 0 473 111 must be 
nrgarded as reh>ting to a different field from a« present invention. 

In an espJciaUy advauageous embodhnU flte protein according to fl>e invention is 
a recombinant protein, which in addition^ a fimctional part or aU of d« sequence 
disclosed p. SEQ ID NO. 2 also compriL a tag. such as a conve«iouaI fi«her 
anuno «|id sequence, which conifers Ue&s ti«t fitcilitates purification, 
downstre^ analysis, such as WesuL LL revet^ble immobilizatfon. 

i^-cfluotescenc. Said titg m^ e.^ be the 

P^tideH^. I" a P-dcular embodiment dt^mvention is. fi^ionp^ 
wl«-m j» presem protem or . fbn«ioil%s4uence ,he.»^ 

P-"^--^ Sl^tdnt^^^transferase. protein A«c. h. 

^^tlr^ present protein, or a fimcL subsequence .h«e., is 
-ed to prpduce pept.domim«ics. ... molecules that mimics ti« biological acti^ 
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of Ac peptide but no longer are completely peptidic in nature. Thus. 
pepti<Joni|metics according to the invention are produced in order to providi 
molecule^ that are more advantageous than the peptides per se as regazds e.g. size, 
bioavalal^ty, duration of action, stability, storage, immunoreactivity etc. In dits' 
context, ^e e.g. Dean (1994), BioEssays, 683-687, Cohen and Shatamller (1993), 
J. Mol. Graph., 11:166-17$. 

Further, ^e antigen according to the invention may be used in various other 
methods jfor design and/or identification of, novel compounds, such as in 
combinat«?rial libraries. Such methods enable a modem drug laboratonr to produce 
and screeji millions of new chemical and/or biological compounds in a few weeks 
for a variety of uses. Of the large number of compounds produced, only the ones 
showing ^teresting biological activity are analyzed for further testing and 
expermiei|tation. Methods for combinatorial Kbraries, see e.g. US patent nos. 5 753 
187 and tlS 5 763 263. are well known to those of skill in this field and are easUy 
arranged based on the present application. A further aspect of the present invention 
IS the usejof the antigen according to the invention in methods of high-throughput 
screemng for the identification of a novel compound. Such metiiods are amenable to 
automated, cost^ffective high throughput screening and have immediate application 
in a broadjiange of programs for development of diagnostic and/or phamiaceuticaUy 
active compounds. Further, the present invention also encompasses any compound 
obtinnabl^ by. that is. reached through, the use of any one of the herein disclosed 

methods^ i 

! 

T1.US. mort .pccifcally. ft. p^, also «l..es to . m«hod of s„«ni.g 

fer pro.™ «: peptide »„og„e, 4« minuc « .e«, a part of fte ^nK*™ of d« 

P~«m «»ordn« to fte inventioa. Which comprises the steps of 
(a) producing a muhipBdiy of analogue rtmctures and 

" s^St " ""-"'^ """^ ^"-O^cnal configu^io. and 

irX"*^ of one or .„o„ hioIogicHy ac«« ^. 
gOM lemain substamially preserved. 



# 
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m a sp^ific embodiment, analogues mimicking a protein having the amino acid 
sequenc^ as disclosed in SEQ ID NO 3 are screened for. Fnr&er. the invention also 
encomp^ses an analogue identifiedas disclosed above. Analogues identified by the 
present inethod are advantageously used for the same pmposes as the proteins 
accordii^ to die invention, said various uses being disclosed elsewhere in the 
present disclosure. 



Ihe preset proteins, functional subsequences Aereof etc. may be synthesized using 



standard 



1 chemical peptide synthesis techniques. Where the desired subsequences are 
idatively short (e.g., when a particular antigenic determinant is desired), the 
moleculq may be synthesized as a single contiguous polypeptide. Where I'arger 
molecules are desired, subsequences can be synthesized separately (in one or more 
units) ank then fused by condensation of the amino terminus of one molecule with 

the carbtjxyl terminus of the odier molecule thereby forrning a peptide bond. 

! 

SoUd ph^e synthesis in which the C-terminal amino acid of the sequence is 
attached ^o an insoluble support followed by sequential addition of die remaining 
amino a^6s in Ae sequence is the preferred method for the chemical synthesis of 
the polypeptides of this invention. Techniques for solid phase syndesis an^ 
descnbe4 by Baraiy and Merrifield. Solid-Phase Peptide Synthesis; pp. 3-284 in 
The Pep^des: Analysis, Synthesis. Biology. Vol. 2: Special Methods in Peptide 
Synthesii Part A,, Merrifield. et al. J. Am. Chem. Sac, 85: 2149-2156 (1963). and 
Stewart et al. Solid Phase Peptide Synthesis. 2nded Pierce Chem. Co.. Rockford 

m. (i984i). 

I 

I 

i 

i 

In an altpmative embodiment, the present prcteins or subsequences thereof are 
synihesu^d using recombmant DNA methodology. GeneiaUy this involves creating 
a DNA s^uence that encodes the fusion protein, placing the DNA in an expression 
casette under the control of a particular promoter, expressing Ae protein in a host, 
isolating |he expressed protein and, if required, renaturing the protein. 
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DNA encoding fee present proteins, or subsequences thereof may be prepared by 
any suitable metiio4 mcludm& for example, cloning and restriction of ^qjpropiiate 
seqiien<^es or direct chemical synthesis by methods such as the phosphotriester 
methodlof Narang et ai Metk Enzymol 68: 90-99 (1979); the phosphodiester 
method! of Brown et ai, Meth EmymoL 68: 109-151 (1979); the 
dietiiylijhosphoramidite method of Beaucage et al, Tetra . Utu, 22: 1859-1862 
(1981); land the soUd support method of U.S. Patent No. 4,458,066. 

Chemical synthesis produces a single stranded oligonucleotide. Ilus may be 
converted into double stranded DNA by hybridization with a complemenlaiy 
se<iuenc^. or by polymerization wi& a DNA polymerase using the single strand as a 
template. One of skiU would recognize that while chemical synfliesis of DNA is 
limited io sequences of about 100 bases, longer sequences may be obtained by the 
ligation I of shorter sequences. Similarly, subsequences may be cloned and the 
appropriate subsequences cleaved using appropriate restriction enzymes. TTie 
ftagma^ may then be ligated to produce the desired DNA sequence. 

I 
I 

fa one jembodteem, proteim of ftis isveaion may be cloned using DNA 
«-pI.ficption methods suck as polymerase chain reaction (PCR). Th^ 
the nuclpic acid sequence or subsequence is PCR amplified, using a sense primer 
cont«»ij« one resuiction site. e.g, Xhol. and an antisense primer containing 
«»fl.er Restriction site, e.g.. BanHL ™, ^ , ^ ^ 

aesaed iequence or subsequence and having tenninal restriction sites. TOs micleic 
«ad cai^ then be easily Ug«ed into a vector containing a nucleic acid encoding fte 
«cond .jiolecule ««1 having appropriate conesponding restriction sites. Suitable 

PCR in^s ca. be detemnned by one Of sMn in fte art using tbe infimn^ion 
P»vuie,| m the appended sequence listing. Appropriate res.^ 
«Ided t4 .he micleic add encoding the protein or protein subsequence by sitc- 
mutagenesis. The plasmid containing fte sequence or subsequence is 
cleaved ^ fl„ .pp^op^^ endomiclease okI then Ugated into fte 

vector ..^coding the second molecule accordmg to standard meaods 
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Accordii^gly, in a second aspect, the present invention relates to an isolated nucleic 
acid encoding die protein- according to the present invention. More specifically, the 
present iiivention relates to a nucleic acid comprising parts or all of the base 
sequent^ disclosed in SEQ ID NO. 1. such as about 200-2000, e.g. at least about 
400, sudi as at least about 1000, and preferably at laest about 2300 bases thereof. In 

tins 

aspect, the nucleic acid according to the invention 
comprised about the second half of die sequence of JSEQ m NO 1. preferably at 
least abojit 1200, e.g. 1284, and most preferably, the 1284 bases that encodes the 
protein <<enoted MSAl which is discussed above. In another embodiment of this 
aspect ofithe invention, die nucleic acid is substantially identical with die sequence 
of SEQ ip NO 1. In a particularly advantageous embodiment, the present nucleic 
acid enccjdes a protein as disclosed by SEQ ID NO 3. hi fee present context, it is to 
be understood that die invention also encompasses any one of the above defined 
sequence^ which is a degenerate or variant thereof. 

I 
I 
t 

Further, jhis aspect of the invention also covers any nucleic acid, which hybridizes 
specifically under stringent conditions to a nucleic acid as disclosed above as weU 
as any g^e product obtained thereby. Such a hybridizing nucleic acid may e.^. be 
DNA, a genomic DNA sequence con^sing introns as well as exons, RNA. such as 
mRNA etc. 

t 
) 

i 

j 

rae of flie pr«e«, nnddc adds tas d««ly been described above 

lias, m«e specificdiy. fte sequences « cloned, or «npUfiedby M yi.ro methods! 

" .|« polyn^rsse ch«, reaction (PCR). fte Hgase chain reaction (LCR). fte 
""cnpjonWd .n-pUfication system (TASX fte self.««^ sequence 
rephcano^ system (SSR). A «ide variety of Coning and ,n ri.ro ^m^^ 

'^^T- '^^•^^ B»np,es of these .echni,«s and 

^.^fs snffioen. .0 direc. persons of sldU ^ ^ ^ 

U2 Acadonic Press, be.. San Diego. CA (Ben^); Sambrook « o, 
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(1989) K^olecular doning - A Laboratory Manual (2nd eA) Vol. 1-3, Cold Spring 
Harbor |-aboratoiy. Cold Spring Harbor Press. NY, (Sambrook al): Current 
proiocolf^ in Molecular Biology, P.M. Ausubel et a/.. Current Protocols, a joint 
venture <,etween CSreene Publishing Associates. Inc. And John Wiley & Sons Inc 
(1994 Supplement) (Ausubel); Cashion et al,^ U.S. patent number 5.017.478- J 
Cair, Ei^opean Patent No. 0.246.864. Exan^les of techniques sufficient to direct, 
persons |of skiU through in vitro amplification meAods are fomid in Berger 
Sambroc^k. and Ausubel. as well as MulUs et al., (1987) U.S. Patent No. 4.683 202- 
PCR Prc^tocols A Guide to Methods and Applications (Imiis et al. Ekls) Acadenuc 
Press Inc San Diego. CA (1990) (Imus); Amheim & Levinson (October i 1990) 
Cdb£V 3^-47; The Journal of NIH Research (1991) 3: 81-94 (Kwoh et al (1989) 
Proc. N^tl Acad Sci. USA B6: 1173; Guatelli al. (1990) Proc. Natl Acad Set 
USA 87,| 1874; Umell et al. (1989) J. Clin Chenu, 35: 1826; Landegren et al 
(1988) S<^ence. 241: 1077-1080; Van Brunt (1990) Biotechnology. 8: 291-294- Wu 
and Wall^e, (1989) Gene, 4: 560; and Barringer et al. (1990) Gene, 89: 117.' 

to one 4^ embodimcm, the nucldo «ids to the mveai<», ^ 

uolated routine clo»mg meftods. The DNA scuence pravided in SEQ m NO 1 
or a s.*,pquence .her«rf. can be used to provide probes that specificdjy hybridize' 
to tte encoding gene, in a genomic DNA san,,Ie. e.g. in a Southern Wo^ „ the 
n*NA, a .«al RNA sample (.^. in a Northern blot). Once ^ target nucleic 
«.d haajbeen identified (e.g.. in a Northern or Soothem blotX it is isolated 
«c«di.W to m.^ methods known to those of skiU in the art («. eg. 
S^nbroo^ « oL (19^9) Molecular Cloni^ A Uborau^y Manuka. 2ndE± VcU I 
3. Cold iSptag Harbor Labot^^. Berger and Kimmel (1987) MeOod. /„ 
«^>o&. Vol 152: Guide u, Molecular Clonl^ TeC«i^es, Diego. 
A«<tem.| ptess. Inc.; or Ausd^ « al. (1987) Curren, Protocols m Molecular 
B>olo&. jSreene PubUshing and WUey-Interscience, New York). 

TT« »acl^c acids according to the invention may be used in assays such as in 
hyb„d.z.|.on assays, as probes, in which case they are preferably labeled, in the 
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producti<p of proteins according to the invention etc., as is evident from other 
sections of the present specification. 

i _ 

A fuiihej- aspect of the invention is an expression vector, such as a plasmid or a 
virus, si^h as a phage, which con^rises a nucleic acid as desciibe above. Such 
vectors ^e e.g. useful for expressing the proteins according to the invention to 
provide jnmiunogehs for antibody production. Thus, vectors encoding the proteins 
are alsojuseful for transfonning in vitro at in vivo to express the present 
protein pr a functional subsequence fliereof In addition to the present encoding 
sequence, the vectors according to the invention also comprise suitable promoters, 
enhancer)! and further regulatory elements operably linked thereto (Queen et at. 
(1986) J^unoL Rev. 89:49). The vector may be a phismid, virus, etc. Further, the 
vector njay be an oligonucleotide, in which case the coding sequence may be 
accompanied by the required tagging sequences for use in methods such as 
15 homologous recombination, as described in the Uterature. 

Thus, anjadditional aspect of the present invention is a recombinant cell comprising 
a vector jaccording to flie invention. The cultm^ of cells, including ceU lines and 
cultured icells from tissue or blood samples, is well known in the art. (See e.g. 
Freshnejj. Culture of Animal Ceils, A Manual o/Bdsic Technique, 3^ ed., WUey- 
Liss. NHv York. NY (1994).) Cells expressing the present nucleic acid may be used 
to mom^r expression levels of the protein according to the invention in a wide 
vanety o^contexts. IHe cells according to the invention may be prokaryotic. such as 
bactena. E. coli, eukaiyotic. such as yeast, mammalian, such as canine, porcine 
25 CM- human, a protozoan etc. 

to a« invewion. or . toction.1 subsequence Aereoi; v*ich method 
compnses tiie steps of 

30 

(a) providing a DNA encoding the desired protein or polypeptide: 
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(b) introducing said DNA in a suitable expression vector or expression cassette; 

(c) transfer of said vector or cassette into a suitable cell; 

(d) culfijring said ceU to obtain the desired product; and optionaUy 

(e) purification of the protein or polypeptide. 

i 
! 

The tiaijsfer of the vector may be perfonned by well-knovoi methods, depending on 
the typcj of cellular host, such as calcium chloride transfection. which is commonly 
used wjth prokaryotic cells, or calcium phosphate treatment, electroporation. 
Upofect^n. microinjection etc. Once e:q)ressed, the products may be purified 
accordiifg to standard procedures in the art such as HPLC purification, fraction 
column Miromatography, gel electrophoresis and the like (see e.g. Scopes. Protein 
Purification, Springer-Verlag, NY, 1982). 

In a furtfier aspect, die present invention relates to an antibody raised against a 
protein According to the invention, or a functional part thereof. The antibody 
according to the invention will preferably comprise at least about 10. more 
preferably at least 20. 40 or 50 and most prefenAly at.least 100 or 200. or even 400 
amino a^ids. In a specific embodiment, the antibody binds to a protein comprised of 

essentiajy aU of the sequence disclosed in SEQ ID NO 2. 

i 
i 

More spiecificafly, the present invention relates to antibodies including individual. 
aUeUc. strain, or species variants, and fragments diereo^ both in Aeir naturaUy 
occuirinfe (fun-length) forms and in recombinant forms. Additionally, antibodies are 
raised t<j these polypeptides in eite their native configurations or in non-native 
configurations. Anti-idiotypic and chimeric or bispecific antibodies can also be 
geoerated. 

In order ko produce the antibodies specifically reactive with polypeptides according 
to the i^ivention, a number of immunogens are usfed. Recombinant or synthetic 
polypep^des of 8-15. preferably 10. amino acids in length, or greater, selected from 
ammo add sub-sequences of SEQ ID NO 2 are the preferred polypeptide 
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inmninogcn (antigen) for the production of monoclonal or polyclonal antibodies. In 
one class of preferred embodiments, an immunogenic peptide conjugate is also 
included as an immmiogen. NaturaUy occuring polyptides are also used, cither in 
pure or impure foim. 

Recombii^ant polypeptides are expressed in eukaiyotic or prokaiyotic cells (as 
described I above) and purified using standard techniques. The poljpeptide, or a 
synthetic .Version thereof is then injected into an animal capable of producing 
antibodies. Either monocloma or polyclonal antibodies can be generated for 
subseque:^ use in immunoassays to measure the presence and quantity of the 
polypetidej. 

i 
i 

Methods of producing polyclonal antibodies are known to those of skiU m the art, 
see. e.g,. ^oHgan (1991) Current Protocols in Immunplogy Wiley/Greene, NY; and 
arid Lane (1989) Antibodies: A Laboratory Manual Cold Spring Harbor 



Harlow 



Press, 



Monoclone antibodies are prepared from cells secreting the desired antibocfy. These 
antibodies |are screened for bmding to nonnal or modified polypeptides, or screened 
for agoms^c or antagonistic activity, e^.. activity mediated tough a sr^pressor of 
fiisedprot^ Specific monoclonal and polyclonal antibodies will usuaUy bind with 
a Kd of a| least about 0. 1 mH more usuaUy at least about 50 ^M. and most 
preferably iat least about 1 mM or better. 

i 

In «»ne hjaances. it is desirable to prepare monocIoMl aaibodies fom ™io«s 
'•""^ bests, such as dogs, swi™, rcdmu. primates, hm^ns. Dese.^» 
erf tectattqHes for preparing such monoclonal aMibodies are ftmnd in, Stites « 
W. (eds)tofc andClmicalln^osy (4ft ed.) L«u!e Medici Publications. Los 
Alios. CA. and references cited therin; Harlow «ri Lane. i»pm; Ooding (1986) 
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Monoclonal Antiboides: Principles cmd Practice (2d ed.) Academic Press, New 
Yoik. NV; and KoUer and Milstein (1975) Nature 256: 495-497. 

i 

Oflier suitable techniques involve selection of libraries of recombinant antibodies in 
phage or similar vectors (see, e.g., Huse et al (1989) Sciertce 246: 1275-1281; and 
Ward. e\ al. (1989) Nature 341: 544-546; and Vaughan et al (1996) Nature 
Biotecfmtilogy, 14:309-314). 

I 
1 

I 

I 

In a fiirftjer aspect, the present invention relates to a protein as defined above, or a 
function^ subsequence flicreof; for use in a phannaceutical preparation, preferably 
as a vac(^e. Thus, the invention also relates to a vaccine preparation comprising a 
protein 2|s defined above and a phaimaoeuticaUy acceptable carrier, such as an 
aqueous ^er. A variety of aqueous carriers may be used, e,g. buffered saline. The 
solution jis sterile and generally firee of any undesirable matter. It may contain 
further a|ixaiaiy substances as required to approximate physiological conditions, 
such as pH adjusting agents and buffers, toxicity adjusting agents, e.g. sodium 
acetate, ^dium chloride, potassium chloride, sodium lactate etc. It may be prepared 
for injection or any other suitable route of administration, such as oral 
administiiation. For a brief review of drug deUveiy, see Langer, Science 249:527- 
1533 (19k>). 

I 
I 

i 

i 

More sp^cificaUy. the vaccine preparation according to the invention is capable of 
provoking an immune response in a subject, such as an animal or human, and 
thereby ijreventing said subject from being infected with Sarcoptes scabiei, whereby 
sarcoptesj' mange or scabies is avoided. Thus, the vacciue composition according to 
the inveijtion may advantageously be used to immunize animals, e.g. dogs or swine. 
As one ptample, dogs may be infected wilfa scabies or sarcoptic mange fiwm wfld 
animals ^ the surroundings, such as red fox. Swine is another species that may be 
infected jvitii scabies or sarcoptic mange. For example, when piglets are transported 
to novel jlocations during the breeding thereof; they may be contacted with otiier 
stodc and the iiifection may then be spread. The vaccine composition may be a 
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kiUed inactivated, attenuated, recombinant or subunit vaccine, as appropriate, 
depending on the prevailing conditions. 

I 

i 

Thus. 4e invention also relates to a method of preventing mite diseases, preferably 
conditions caused by mites, such as Sarcoptes scabiei, in a subject, such as a 
human.'or animal, such as a canine or porcine, subject, which method comprises the 
admmiitration of a phannaceutical preparation according to the invention to said 
subject in an effective dose. In a specific embodiment, said disease is sareoptes 

mange ^r scabies. 

I 

I : 

The invention also relates to any medicinal use of the proteins and polypeptides 
according to the invention. As regards the pharmaceutical uses of flie present 
polypeijtides. it is to be understood, that in many cases, it may be more 
advant^eous to use the peptidomimetics according to the invention than the 
oiigmalj polypeptides. Such uses are also within the scope of the invention. 

i 

hi one jfurter aspect, the invention relates to various assays, wherein an antibody 
accordiiig to &e invention is used to determine the presence and/or quantity of the 
poiypeijtide. The methods include analytical biochemical mefliods. such as 
electroijhoresis. high performance liquid chromatography (HPLC), thin l^er 
chromatogr^hy (TLC). hyperdiffusion chromatography and the like as weU as 
variousi famnunological meAods. such as fluid or gel precipitating reactions, 
immmi^diffusion. immmioelectrophoresis, radioimmunoassay (RIA). cnzyme-hnked 
immuncjsoibent assays (ELISAs), immimofluorescence assays etc. As used herein, 
an imn^oasaor is an assay wherein an antibo(fy is used to specifically bind to the 
analytej hi the present context, such an ass^ format as disclosed m EP 291 194 
(Unilevjer) is advantageously used, or variants of saidibrmat specifically adapted to 
the present purpose. For a review of general immunoassays, see Methods in Cell 
Biology^ Vol. 37: Antibodies in Cell Biology^ Asai, ed.. Academic Press, hic. New 
York (;993): and Basic and Clinical Immunology, 7* ed.. Stites & Teir. eds 
(1991),, 
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Compe^tive assay foimats are preferred in the present context, wherein tihe amount 
of analjfte, preferably an unknown qukntity of antibodies in a subject, in a san«>Ie is 
measu«|d indirectly by measuring the\ amount of added analyte. displaced from a 
captuiejagent by the analyte present inW^ple. Most prefeired are the enzyme- 
hnked ^unosorbent assay (ELISA) lUiodk in which an antibody ^icaUy is 
bound to an enzyme, such as peroxidase c^^tase, which can produce colored 
reaction products from an iq,propriate buffer. it utilizes a tagged antigen 

molecule of known quantity to deten|iine\an mUabelled antigen of unknown 
quantitj|. Prefembly, the protein according to Ae invention, or a suitable functional 
fragmei^ thereof is used coupled to a conventional tag. such as His6. This assay is 
e^. usejul to diagnose &rco/»/ap5cai»/«infectio^ in dogs. 



Thus, i,^ an EUSA fonnat according to the invention, antibodies against the present 
polypep^de are detected and/or quantified, preferably in a biological sanq,le Tte 
sample kay be any sample of biological tissue or fluid, such as blood. Th. sample 
.s pretreated as necessary by dilution in a suitable buffer solution or concentrated, if 
desired, p^y nmnber of standard aqueous buffer solutions may be used, such as Tris 
or the lijce, at physiological pH. Sarm.les are incubated witii an excess of tiie protein 
accordmg to tiie invention as antigen. After rinsing to remove any unbound 
antibody, tire amount of bound antibody is quantitJited by adding a solution of 
enzymeiconjugated antibody ti^at binds to constant domains of antibodies in tiie 
sample. jExcess conjugated antibody is rinsed away and the activity of die bomid 
enzyme |is determined by adding tiie substrate to the reaction and measuring the 
fbimatic^ of products. As the products of tiie reactions used in ELISA procedures 
are col<^ed, die amomit of product formed can readily be be determined by iht 
intensity;; of die colour tiiat has developped using a spectrophotometer. Tte activity 
of tiie b|>und en^e is proportional to die amount of antigen-binding antibody in 
the samifle; tiierefore. ti,e original concentmion of such antibodies can be estimated 
from a |senes of control assays employing known concentrations of specific 
antibodies. 
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More spQdficaUy. if a protein as defined by SEQ ID NO. 2 coupled to His6 is used. 
It has bejn shown by the present inventor that an antigen concentration of abont 30- 
60 ng/m^ is advantageous. It is essential that protein contamination is prevented in 
order to jvoid an enhanced background. Further, the coating ratio should be adapted 
as approbate in order to improve the background. Presumably, the aftocoating is 

not critical. 

I 
I 

I 

Consequently, the mvention also relates to . ki, for the diegnom of . aiject 
infected jwah a nute. preferably Wpia scablel. More specifically, the kit 
acconiiiw to the inveittion is adapted for performing the above disclosed ELBA 
meftod. Snch a kit will mctode one or more reagents for d«ennining the presence 
or absaup of antibodies in the subject rased against the polypeptides accordh« to 

•he mveijioa. The antigen may be fi« or inm«,bili«d on a solid support, snch as a 
<«« tube, a microtiter plate, a dipstick or d,e like. The kit mi^ also comprise 
"Stiucti,^ for the use thereof Tie kit m^ also contain means for the detection of 
hbels, pqsnive and negative comrols, w«hing sotatiins ««c. More ip«iifically .kit 
accerdm^ to fte present mvention m^ advantageously comprise a conjuga. 
posmve i|nd negative control samples, a serea dilution buffir. a substrUe, suitable 
wastang ^lotions as weB as an appropriate conjugate dilution buffer. 

I 

j 

Pawled jjescrinrimi nf o .^ <irawiii|^ 

Figure 1 kho« the extent of the recombinatt protein according to the invention ta 
rdation 19 Ae native protein. 

Figure 2 illustrates the recombinant ph«nud pPU17 nsed for the e:q,ressio« of the 

nnte prottm MSAl according to the invention. Antp is the ampicilHn resist^^ 
8«e. Uc| is the tac repressor gene, and mdE is the maltose hindmg protein m 
nmon wifh the present MSAl. 

F«ure 3 fe «. overview of the cloning strategy of the 3' end of MSA. 

F««e 4 |hows .he results of Westem blot ^^alysis Of the mite reco«bh»« p^^ 
MSAl ac^ ,0 fte inventioa The protein was expressed in Ecoli. purified and 
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sepa«Wl.ySDS-PAGEl«fo«tt««fatom.,oceU«lose.I^esl.2»d4showft. 
«sul6|riter ««Iy,i, ^ p„^^ sen.. »<I lanes 3. 5 aKl 6 shows th« ,e»to 

after «|dysis .egahe dog se«L Lane M is the ™lecul« weight maxke^^ 

I 

I ■ . 

EXPEklMETSJTAT 
Material andmetfitvfc 



Collectio n of pann if^t*'^ 



Lmng tmtes of both s«es ^ diffi™, developmeaal stages of SI scabM 

H«e isMated fi»n. the sidn of wild red foxes as deseribed in Bornstem & 
Zabisspn (1993) r« 4:107. Briefly, pieces of skin wid. the fbr 

cut do^ ,„ about ,0 mm were lea in Petri aishes a. room .empe^ure 
underi|n electric light Mites flurt migmted omo the umlerside of the lid 
were coiDected and stmed at .70«C unliltether use. 

I 



I T '['y''^ •^'^o- >^ w«e size^eleced on im gels 
by sodmm dodecyl suiate-prfyactyhmide gel elect,„ph«esis (SDS-PAGE) 
"d de^oeluted as p„=viously described . see Jacobs & Clad (1986) Anal 

«lecte<|p,otems mkI Freund's conq,lete adjuvntt. 

I 

RNAp.jip»twiTO .md.^.^ ...^^ fff rmt^ in 

^ :::a"^ ^ » - 
'H^'H^ about. «jrmr^:rr/r 

portions Iiga«d into UNI-ZAP XRv=c « <^-=°NA. StratageneX 
P^e (.pgapack CM u, - Packaged into X- 
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rinnmpian d sequencinp of MSA1 

Hie ami)lified Ubraiy was screened with sera from the rabbits previously 
immunised with gel purified antigens. Immuno reactive plaques were 
cloned ^nd the phages elated. From a positive X-phage clone, a pBluescript 
SK-subplone was generated ixsing the ExAssistTM phage system 
(Stratagene). The resulting clone was designated pPU3 and the S. scabiei 
cDNA insert was mapped for positions of restriction endonuclease cleavage 
using epzymes from Pharmacia Biotech (Uppsala, Sweden) and New 
England Biolabs. For the sequencing of pPU3. nested deletions and cDNA 

i 

sequence specific primers were used in conjunction with the T7 sequence 
kit from Pharmacia Biotech. 

Subclomimg and expressi nn cf MSA1 



Construct ion of hieh expression vector 



The open reading frame of &e recombinant plasmid pPU3 was amplified by PGR 
using Pfu DNA polymerase (Stratagene) and subcloned into the Xmnl-Xbal sites of 
the vecjor pPU16. The pPU16 vector is a derivative of the pMal-c2 vector (New 
Englantj Biolabs) that has a sequence of DNA encoding for 6 consecutive hfstidine 
residues and a stop codon between the PstI and Hindni site. The resulting plasmid 
pPU17 ^codes for the recombinam mite protein with die maltose binding protein 
fused tc^ its N-terminus and a His6.tag fused to its C-termmus. The junction between 
the ma^se binding protein and the recombinant mite protein has a factor Xa- 
binding site (EEGR). 

Expresfflon as fiiRftfi protein 



The reciranbinant plasmid pPU17 was transformed into £. coli strain BL2I (DE3). 
The resulting transfoimant was inoculated into 10 ml minimal medium with 
casamiijo acids and heavy metals (MM/CA) (Pryor *& Leiting. Protein Expr Purif 
10:309^ containing ampiciUin (100 mgtol) and grown overnight at 37 C wifli 
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continuous shaking. Five ml of the overnight culture was dUuted in 500 ml fresh 
MM/C4 medium with ampicillin (100 mgAnl) and grown in a 2-liter Ehilenmeyer 
flask sl^g efficiently at 37»C until the OD value at 600 mn became 0.8. ITie 
culture fas then cooled to 18*C, induced with 0.5 mM IPTG and then transffered to 
a shaken at 18«C for continued growth for 20 h. After the aq)ression the ceUes were 
coUecte^ by centrifugation at 4000^g for 20 min and resuspended in 25 ml 20 mM 
phospbjte buffer (pH 7.6) with 0.5 M NaCl and 30 mM imidazole, supplemented 
with thcj CompleteTM protease inhibitor (Roche) and frozen overnight at .70«»C. The 
frozen (jellsuspension was thawed in cold water, placed in an ice-water bath and 
sonicat^i. The suspension was dearified by centrifugation at 9000xg for 30 min 
and the resulting supernatant was used for affinity purification, 

i 
} 

Minimal medimn with casamino acids and heavy metal (MM/CA) is: 5 g/1 glucose. 
1 men ^) biotin. 2 mg/1 thiamine. 1 gA (NH4)2S04. 4 ml of a 250xheavy metal 
stock sqiution, 50 ml sterile 10% casamino acids, and 200 ml sterile 5xphosphate 
buffer, ^e liter of 250xheavy metal stock sohition is 500 mg MoNa2O42H20. 250 
ms CcCjl2 . 175 mg CUSO45 H2O. 1 g MnS04 H2O. 8.75 g MgS047 H2O. L25 g 
ZnS04^ H2O, 1.25 g Fea24 H2O. 2.5 g CaCl22 HjO. and 1.0 g H3BO3 in 1 M 
HCl. Oije Uter of 5xph6sphate buffer contains 53 g K2HPO4 and 24.7 g KH2PO4 . 

purification of recntnhiinm t mite ami f,, ^ fusion p mtein • 

Tlie sui^matant was loaded onto a 1 ml HiTrap® chelating colmmi (Ameisham 
Phannacia Biotech) loaded with N2+ at a flow rate of 1 ml/min. After washing with 
10 ml of 20 mM phospahate buffer (pH 7.6) with 0.5 M NaCl and 30 mM 
imidazoje. the captured recombinant protein was ehrted wifli 3 ml 20 mM phosphate 
buffer (pH 7.6) with 0.5 M NaCl and 500 mM imidazole. After buffer exchange to 
2QmM -^ris-HCI (pH 8.0) with 150 mM NaCl and ImM EDTA. the maltose binding 
protdn w cleaved off with factor Xa at room temperamre for 20 h after which the 
recombihant mite protein was purified on a HiTrap® Q column. As preserver 
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Mirao^Ptotect (Roche) was added' to d» purified recombinant protein in 
concentraion of 0.1 %. 



A PCR strategy was used in order to 



clone regions upstream of the cDNA insert in 



pPU3. In flie first PCR the primer fdk 5 (yCAC TAT CGG AGA ACG TAA CTT 
CGO n complementaiy to the ank-sense stiand of die insert in pPU3. was 
desigen^and used together with a TjUner. compleLntay to fl« vector u«d to 
construe* the oDNA Ul™y. As a temite *e S. sAle, cDNA-Hhay was used 
The res,^ fiagment was cloned intoW &»«,I.site If pUCH and sequenced as 
d.ove. Tl^s new fiagment ^ fbm usedVoi a„ desigi of a second primer KBE 8 
(5'CCT ^GC ATT CTA CTT GAG ATG \a W for flui «nplificafi,n «. additional 
yend cpNA fiagment Tie second S'end^ent wak cloned and sequenced as 

above. >^ contimoos CDNA which includedlhe\p,igiual MSAl cDNA and both of die 
5- end pigments was generated by using lie Titai™ One Tube RT-PCR system 
(n«m.fii^d by Roche). For ^ reverse .r««ipu«'e step the reverse ptimer 
MSAix^ (5.CGC TCT AGA CTC AAG AAT GAA TGT CTCS CAA 30 was used. 

1. .he P^R. die reverse primer was us^ in combination the forward ptimer 
lOL 2 (^.CGC GAT CCG AAT ATT TCG ICT CGA AAC CG 3,. The resulting 
fegmcn, ™ cloned into-the Ba^m^JOat sites of pPU16 ntili^g the recognitioa 
0»ring the PCR (shown in boldfi^). A graphic overview of d,e 

i 
I 
I 

^ reccpbinan, mi., protem MSAl was dihted in a 0. 1 M earbcnate buffer. pH 
l^^^^T • o-ight « 4-0 onto microdl 

""T^ '•x"— Of 100 „ per wen. TV plates 

ZZf^r' "•"^'^ ""^"^ ^ OO^"''- Twee.20 (PBS-T) 
fcllowed by fte addition ofsetmnsmples at a 1100*1,^ • ■ 
incabatidn at 37»c tb. „i„ ^ « "> 

^ a 37 c the plates were washed duee time, wid. PBS-T and a monclonal 
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i 

m<mse «iti-<tog IgO antibody, fflutfon 1:1000. and n*bit aui-Mouse Ig conjugated 
to HRP ^nnmu6cti.red by Ddco). dOu&m 1:1000. fa PBS-T plus 1% non»l „a,bh 

serum wp» «Jded « 4e «eUs «c«b«ed for Ih .t Afer washing tee 
tim« wi|h PBS-T. loom of TMB (n^nuWed by Sign^) were added ,o «ch 
wdL Ti^subs.ra.e incubati™. was stopped 50 of H,SO, ^fUsn«>mot 
end p™^ ™s anatyzed „ 450 nn, in Dyna»ch MR5000 spe«rophoto„^ 
(manufacjured by Dynatech). 

Affinity piiriciation nf anriK^^j,.^ 



^^ocmbman,»«p„^ 

™« pro^in were ^ , ^ ^^^^ ^ ^ J/ 

*e fmcr ™* m BSA (S««ge„) ^0 Tris-HCI. 0.5 M Nad, 0 W 

mcubate^ for Ih at room temperatiiP After ^^^.i 

. I F«aMU5. Alter extensive washine with Tthq a-. 

bound ^bodies were eluted and usd in Western bint » 

HBtigensCBeaU & Mitchell J I™™ T ""^^''^ "° 

"6 V im ad jvutcnell. J. Immunoi Method. (1986^ 86 9 Tk • 

purfied antibodies were also used to locali^ ^ ^" 

to locah^ the protein in S. scabiei mites. 

I 

Westirfn ijl^f »T.^iy^^ 

Pmifcd r^on^inam ^ ^ 

nnn.gclspMiniPR01EANnccn(Bi.IUdUb^Hes),B.o«i;^ 

(B.o.Rad^bonto„es).Aftercon,pletie.of6«Bfer.a.^t^ h . 
P»^v^cbec.edbyb.eflyinc„b«^«„„^"^'^;'«^^ 

Panc«„-^soh«ion(Sig„„,&Uowedby,i^i,««a:J^^ „ 

w«b,oc!=«,^d.p^3pba.bn^saline(PBS)c«..ainiJr^^ 

0»3)^ef 4:107). fl.eninc«batedwi*an,o»seartil IT" 

«»»oclon^a«ibodyandar,bbi.anti-„„nsefeG AferlT 
•aibodieJwerevisnaM^^k x. •. '^ '^^f Wid 

, were vi5cah»d by chenulununescence deteaion Md -™ 

^^^-l-synemCAmerahamPhHiMcUBiofeoli) 



